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    This book reports a simple method of recycling banana farm bio-waste, thus helping farmers to make wealth out of waste.




    Potassium is a major plant nutrient, and recycling it between plants and soil serves the best interest of both. Banana plant absorbs huge amount of potassium from soil and distributes between the trunk (pseudo-stem) and the fruits. Banana plants give fruits only once, and volume of pseudo-stem generated is five to ten times of fruits. Naturally, banana farming generates a huge quantity of biomasses and leads to severe depletion of soil potassium. This book reports how part of the depleted potassium can be restored to soil.




    Banana is a major crop in at least 135 countries world over, and more than 150 million MT banana fruits are produced every year. This much of banana production is associated with 750 to 1500 million MT of bio-waste, and this much bio-waste is equivalent to 2.2213 to 4.4427 billion MT of muriate of potash (MOP). We are reporting to show how to use banana plant pseudo-stem in lieu of MOP to grow five different crops on experimental basis. Undoubtedly, our experiments may be extended to cover many other crops. The use of pseudo-stem juice as the substitute for potash not only restores soil potassium but also enhances crop yields minimum 10% up to about 60%.




    The book consists of eleven chapters. The chapters include analysis of banana plant pseudo-stem juice and fibers. Details of farming procedures and crop yield analysis along with colored pictures are provided. Prospective uses of pseudo-stem fibers are also discussed. Further scope of research and development is discussed in the last chapter. A glossary of important terminologies and abbreviations is also provided for the convenience of the readers.




    While conducting research, scientists should keep in mind the service to the society and must take utmost care to preserve the virginity of the environment. The use of banana plant pseudo-stem to grow other crops would serve both these dual purposes. It would bring additional value to banana farming, thus helping farmers in improving their economic conditions ; at the same time, it would protect the soil environment from harmful effects of chemical fertilizers. I wish that the objective of the book would be inspiring for others to take up works with similar spirits.
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      Abstract




      A brief introduction to banana plant and its different morphological parts has been presented. Traditional and reported uses of different morphological parts have been discussed. Post-harvest banana plant is of no use or little use. Keeping in mind the prospective uses of banana plant in lieu of potash in agriculture, reported non-renewable sources of potash of mineral origin have been discussed. Banana plant is a rich source of potassium chloride and potassium carbonate. The importance of these two chemicals and their reported sources and uses, have been discussed. A brief survey on banana producing countries across the globe, global majors of potash exporters and consumers is also presented. Towards the end, an outline of the book chapters can be seen.
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      1. A BRIEF INTRODUCTION OF BANANA PLANT




      The banana plant is a large herbaceous flowering plant. The size and height of the plant depend on the variety and growing conditions (Figs. 1 and 2). The tall variety such as ‘Gros Michel’ may grow up to a height of 7 m (23 ft) and the height of ‘Dwarf Cavendish’ may be limited to around 2 m (7 ft). Most of the other varieties stand at around 5 m (16 ft) tall [1, 2]. The plant grows from a fleshy rhizome, which is referred to as ‘corm’. The corm remains close to ground and the plant above ground appears like the trunk of a tree, but it is actually a “false stem” or pseudo-stem. The leaves of banana plants consist of a petiole and a lamina. The base of the petiole widens to form a sheath. Leaf-sheaths are spirally arranged and tightly packed to make the pseudo-stem of cylindrical shape (Figs. 3 and 4). Leaves may grow to about 3 m (9 ft) long and 60 cm (2.0 ft) wide.




      When matured, the corm of the banana plant stops producing new leaves. Instead, a flower spike or inflorescence is developed, and the immature inflorescence is pushed up by a growing stem along the centre of the pseudo-stem. The inflorescence eventually emerges at the top. Each plant normally produces a




      single inflorescence, which is often referred to as the ‘banana heart’. The inflorescence contains rows of flowers with a bract between two rows. The bracts are sometimes incorrectly called petals. The rows of female flowers appear first, followed by the rows of male flowers. Female flowers develop into fruits to form a large hanging cluster consisting of multiple tiers. Each tier (called a ‘hand’) consists of up to 20 fruits. A hanging cluster comprising of several tiers may weigh up to over 50 kilograms. In cultivated varieties, the seeds virtually do not exist. Their remnants as tiny black specks are often visible in the interior of the fruits. Bananas display slight radioactivity because of the natural presence of the isotope potassium-40 in trace amount along with the bulk potassium [3, 4].


    




    

      



      2. Classification of Banana plant




      Banana plant belongs to kingdom plantae. Carl Linnaeus [5] classified banana plant as follows:




      Kingdom: Plantae




      Division/Clade: Angiosperms




      Order: Zingiberales




      Family: Musaceae




      Genus: Musa




      Classification of banana plant has always been a problem for taxonomists because of the existence of large number of hybrids arising from hybridization among the species of genus Musa [2].




      Based on the uses, bananas were originally classified by Linnaeus into two species - Musa sapientum for dessert bananas and Musa paradisiaca for plantains [6]. This simplistic classification was not adequate to address the large number of cultivars that subsequently emerged [7]. Ernest Cheesman, through his works, established that Linnaeus Musa sapientum and Musa paradisiaca were actually cultivars that descended from two wild seed-producing species, Musa acuminata and Musa balbisiana which were first reported by Luigi Aloysius Colla [8]. He recommended reclassification of banana plants into three distinct groups of cultivars – those exhibiting primarily the morphological characteristics of Musa balbisiana, those exhibiting primarily the morphological characteristics of Musa acuminata, and those with characteristics of morphological combination of the two [7].
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Fig. (1))


      A tall variety of banana plant (Musa balbisiana Colla).
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Fig. (2))


      A dwarf cultivar of banana plant.
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Fig. (3))


      A matured banana plant with a hanging cluster and inflorescence.
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Fig. (4))


      A cross-section of post-harvest banana trunk.



      The family Musaceae accounts for about 50 different species of two genera – Musa and Ensete. The genus Musa alone accounts for at least 35 species. Among the 35 species Musa paradisiaca (plantain) and Musa Sapientum (dissert-banana) are rich in starch [7]. The classification based on the number of chromosomes divides the genus Musa into four sub-groups - Australimusa, Callimusa, Eumusa, and Rhodochlamys. Most of the ornamental species belong to the sub-groups Callimusa and Rhodochlamys [9]. Plantain and dessert banana cultivars belong to the sub-group Eumusa. These are natural hybrids of two wild species - Musa acuminata (contributing genome A) and Musa balbisiana (contributing genome B). Most of the domesticated bananas are triploid (2n=3x=33 chromosomes) among which dessert bananas mainly have genome constitution of AAA, and plantains have either AAB or ABB [10].


    




    

      



      3. USES OF BANANA PLANT




      Dessert bananas and plantains are important fruit crops for the populaces in tropical countries. These provide staple food for millions of people in developing countries. Although dessert bananas and plantains are perennial crops, they grow quickly and can be harvested throughout the year. In many tropical countries, plantains or cooking bananas are the main cultivars.




      All parts of a banana plant find uses one way or the other - in food, feed, pharmaceutical, packaging, etc. Uses of banana leaves, fruits and sheaths for wound dressing in the ancient Egypt are reported [11]. Apart from leaves and fruits, whole banana plant is used in many social and religious ceremonies in India and some other countries.




      

        3.1. Banana Flower




        Banana flowers are popular and considered a healthy vegetable in many Asian countries. All the parts of the flower, including bracts are edible. These are cooked to prepare different cuisines such as soup, curry, fried dish, etc.


      




      

        3.2. Banana Leaves




        Banana leaves are suitable for use as eco-friendly wrapping material for preparing grilled or steamed foods as well as plates for serving foods. These are quite flexible as well as waterproof. In several Indian states such as Tamil Nadu, Karnataka, Andhra Pradesh and Kerala, serving food on a banana leaf is considered a healthy and auspicious tradition [12].


      




      

        3.3. Banana Pseudo-stem




        Traditionally the banana plant pseudo-stem is very popular for its rich fiber content [13]. Because of its rich edible fiber, the pseudo-stem as food is very beneficial for those who aim at weight loss. The central core of a matured banana trunk called pith is considered healthy and better as food than the pseudo-stem.




        Japanese technology for the extraction of high quality textile fiber from banana trunk for clothing and household items dates back to the 13th century. Japanese used to cultivate banana farming exclusively for fiber – periodically they harvested soft leaves and shoots to ensure softness of fibers for yarn-making. They dyed and produced fibers of varying degrees of softness, yielding yarns with differing qualities for textiles of specific uses. The soft fibers were used to make traditional Japanese dresses like kimono and kamishimo [14]. In Nepal, traditional technology of mechanical fiber extraction, bleaching and dyeing was used to make hand-knitted rugs with silk-like texture. Biodegradable binding ropes can also be made from banana pseudo-stem fiber [15].




        In South Indian states like Tamil Nadu, Kerala and Karnataka, post-harvest banana pseudo-stem is used to make fine threads for making flower garlands. Banana fiber and non-usable fruits are also used in the production of hand-made paper. Banana papers are usually hand-made in cottage industries and used in artistic works [16].




        In North-Eastern states of India, ‘kolakhar’ is traditionally being used for various purposes, especially by the rural folk. It is derived by extracting the ash obtained by open-air burning of the air-dried parts of banana plants or the peels of the ripe fruits. It is a traditional food additive [17] and known to help in normalizing digestive disorder of stomach. In Ayurvedic literature, kolakhar is known as kadaliksāra [18]. Ksāra means caustic alkali and kadali means banana plant. Thus, kolakhar or kadaliksāra means the caustic alkali derived from banana plant.




        In ancient rural Assam and also in other North-Eastern states of India, kolakhar was widely used as soaps and detergents for washing cloths and shampooing hairs. After the markets are flooded with varieties of soaps and detergents, the use of kolakhar as a cleansing agent has been drastically reduced, yet in interior rural northeast its use for washing purposes still continues. It is reported that washing and cleansing with kolakhar help to grow and maintain long and healthy hair (Fig. 5) [19]. Many other uses of kolakhar are known in the rural northeast [20]. A few of them are:





        

          	To prevent bacterial attack on freshly cut injuries. Application of kolakhar makes the healing faster.




          	To kill leeches and prevent their attack kolakhar is very useful for farmers while working in leech infested agricultural fields.




          	
Kolakhar and kolakhar ash are used by farmers for cure and prevention of certain cattle diseases.
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Fig. (5))


        A woman with healthy and long hair claimed to have achieved by using kolakhar instead of commercial soaps and shampoos [19].



        In addition to the traditional uses, many modern day uses of kolakhar are possible. One such possible use is the isolation of potassium carbonate from kolakhar. Potassium carbonate has plenty of uses in industries including confectioneries, pharmaceutical industries, R & D laboratories, etc. But there is practically no natural source of potassium carbonate [21], and it is established that the major chemical component present in kolakhar is potassium carbonate [17]. Therefore, kolakhar can be a substitute for potassium carbonate in some uses and also can be a renewable source for the production of potassium carbonate. A laboratory process for the isolation of potassium carbonate from kolakhar has already been developed [22]. The process is yet to be tested for its commercial viability in large scale production. Another possible use of kolakhar is the isolation of potassium rich table salt [23]. Potassium rich table salt is known to help in balancing blood pressure [24-26].




        A good number of modern day uses having potential for large scale commercial exploitation of kolakhar have been recently reported. Kolakhar ash has been tested in the laboratory as an excellent heterogeneous catalyst in the production of biodiesel from oils and fats [27-29]; it appears a potential catalyst for future biodiesel industries. Uses of kolakhar as catalysts or basic aqueous media to accomplish useful organic transformations have also been reported [30-33].


      




      

        



        3.4. Banana




        Although all parts of a banana plant find uses for various purposes, it is best known for its fruit, the bananas. According to FAOSTAT data of 2018, dessert banana with annual Global output of 115.74 million MT (13.38% of all fruits) tops the list of global fruits production [34, 35]. It along with plantains, serves as an ideal and low cost source of food in developing countries where most of the populaces depend on bananas for the supply of nutrients and minerals. Banana is a wholesome food, and the Ayurveda recommends bananas as the first solid food for babies [36].


      


    




    

      



      4. MEDICINAL PROPERTIES OF BANANA AND BANANA PLANT




      The banana plant and its fruits not only serve as the favorite food for people across the globe but also have incredible medicinal values. Not only fruits but also each and every part of a banana plant - the flowers, the stems, the leaf sheaths and the green leaves, all are equally useful for their medicinal values [37].




      Young banana leaves can be used to treat burns, according to a report from Purdue University. The Department of Horticulture at Purdue University also asserts that banana leaves are a suitable remedy for diarrhea and effectively prevent the growth of ulcers [38]. The ashes of leaves and peels of unripe fruits are astringents and used for treating malignant ulcers. Green banana leaf juice without salt and sugar is believed to prevent various health problems such as bronchitis, nephritis, T.B, pleurisy, etc. It is also believed that the juice purifies blood and considered very effective against cough and cold, breathing problem, dropsy, constipation, dysentery, acidity, high BP, blood disorder, poisoning and liver problem. The chlorophyll in banana leaves is believed to provide protection against certain skin diseases, intestinal ulcer and leukemia.




      The tender inner stem, also called the pith (Figs. 2 and 4) of a matured banana plant, is used as food because of its medicinal values. Its high fiber content can help those who are on a weight-loss program. The use of banana stem as vegetable is believed to be beneficial to keep high blood pressure and diabetes under control. Banana stem and its juice are diuretic, detoxify our body, maintain fluid balance within the body and normalize stomach upset [39].




      Extract of banana stem can help to dissolve the stones in the kidney and urinary bladder. It has been reported to suppress the formation of oxalate-associated kidney stones in animals, and may be a useful agent in the treatment of patients with hyperoxaluric calcium urolithiasis [40]. Houghton and coworkers have reported that the juice of banana pseudo-stem has antivenom action [41, 42].




      In his book ‘Herbal Foods and its Medicinal Values’, H. Panda has described the mixture of banana plant pseudo-stem sap with coconut water as an effective treatment for nervous insomnia, epilepsy, dysentery, vomiting and hysteria [43]. In the book ‘Speaking of Nature Cure’, the authors have reported that the banana pseudo-stem juice clears the arteries, reduces blood cholesterol, and helps to fight urinary and digestive disorders [44].




      Aziah et al. have advocated the use of native banana pseudo-stem flour (NBPF) and tender core of the banana pseudo-stem flour (TCBPF) in food applications to add calorie and edible fiber. NBPF and TCBPF are rich in fiber content. Their antioxidant activity, water holding capacity as well as oil holding capacity are considered beneficial for health [45]. Analgesic activity [46] and hepatoprotective effect [47] of the aqueous and ethanolic extracts of pseudo-stem of Musa sapientum Linn have also been reported. On the other hand, Benitez et al. have reported that the presence of mono potassium oxalate in the juice of banana pseudo-stem may cause muscular paralysis [48].


    




    

      



      5. BANANA PRODUCTION IN THE WORLD




      The banana plant is believed to be the oldest cultivated plant. It was probably domesticated first in Papua New Guinea, and is now considered native to tropical South and South-East Asian countries [49-51]. Bananas are now cultivated throughout the tropics, and grown in at least 135 countries across the globe. They are primarily cultivated for their fruits, and to a lesser extent to extract fiber, to prepare banana wine and to use certain ornamental varieties as decorative plants [52].




      Based on the mode of uses, banana fruits are divided into two categories [7]:





      

        	Cooking bananas or plantains and




        	Dessert or sweet bananas.


      




      The world banana market consists mainly of trade in dessert or sweet bananas where cavendish sub-group is prominent with a share of 47%. Dessert bananas contribute nearly 75% to the total banana production in the world. From small farms to large plantations, cavendish bananas are currently produced all over the world. India is the world’s leading producer of cavendish bananas (26.33%) followed by China (9.65%), Indonesia (6.19%), Brazil (5.77%), Ecuador (5.43%) and Philippines (5.22%). These six countries together produce nearly 60% of global cavendish output. The top 10 banana producing nations are shown in Table 1. Other types of banana produced in the world are highland banana, ABB and other cooking banana (24%), plantain AAB (17%), and Gros Michel and other dessert bananas (12%) [34, 53-55].




      

        Table 1 Top 10 banana producing nations.




        

          

            

              	Banana Producing Countries (2017)

            


          



          

            

              	Entry



              	Country



              	Millions of Metric Tons



              	% of World Total

            




            

              	1



              	India



              	30.48



              	26.33

            




            

              	2



              	China



              	11.17



              	9.65

            




            

              	3



              	Indonesia



              	7 .16



              	6.19

            




            

              	4



              	Brazil



              	6 .68



              	5.77

            




            

              	5



              	Ecuador



              	6.28



              	5.43

            




            

              	6



              	Philippines



              	6.04



              	5.22

            




            

              	7



              	Angola



              	4.30



              	3.72

            




            

              	8



              	Guatemala



              	3.89



              	3.36

            




            

              	9



              	Colombia



              	3.79



              	3.27

            




            

              	10



              	Tanzania



              	3.48



              	3.01

            




            

              	11



              	All other countries



              	32.47



              	28.05

            




            

              	World total



              	115.74



              	100

            


          

        




      


    




    

      



      6. BANANA PRODUCTION IN INDIA




      Banana is one of the most important fruit crops in India. The banana culture in India is as old as Indian civilization. In India, Andhra Pradesh is the leading producer of banana, followed by Gujarat, Maharashtra, Tamil Nadu and Uttar Pradesh, each state having more than 10% share in the national production (Table 2). Bananas are popular among all classes of people in India.




      It is generally agreed that all the bananas and plantains are indigenous to the warm and moist regions of tropical Asia, comprising major parts of India, China, Burma and Thailand. The world's largest diversity in banana population is found in these regions. The banana production in different Indian states in the year 2017-18 is shown in Table 2 [53, 56].




      

        Table 2 Production of banana in India (top ten states) in the year 2017-18 [56].




        

          

            

              	Entry



              	State



              	Production (x103 tons)



              	Share (%)

            


          



          

            

              	1



              	Andhra Pradesh



              	5003.07



              	16.24

            




            

              	2



              	Gujarat



              	4472.32



              	14.52

            




            

              	3



              	Maharashtra



              	4209.27



              	13.66

            




            

              	4



              	Tamil Nadu



              	3205.04



              	10.40

            




            

              	5



              	Uttar Pradesh



              	3172.33



              	10.30

            




            

              	6



              	Karnataka



              	2328.90



              	7.56

            




            

              	7



              	Madhya Pradesh



              	1834.03



              	5.95

            




            

              	8



              	Bihar



              	1396.39



              	4.53

            




            

              	9



              	West Bengal



              	1200.00



              	3.90

            




            

              	10



              	Kerala



              	1119.16



              	3.63

            




            

              	11



              	All other states



              	2866.99



              	9.31

            




            

              	



              	Total



              	30807.50



              	100

            


          

        




        

          Source: National Horticulture Board (NHB), Govt. of India, 2018.

        




      


    




    

      



      7. CHEMICAL COMPOSITION OF DIFFERENT MORPHOLOGICAL PARTS OF BANANA PLANT




      Apart from fruits, other morphological parts of banana plants include pseudo-stem, foliage, tender core, floral stalk and rachis. Sweet banana and plantain together account for about 18% of the world’s total fruit production [34]. These are ideal foods especially for weaning mother and infants. They are rich sources of carbohydrates, antioxidants, and minerals, especially potassium and iron. Banana peels are also rich in vitamins, sugars, pectins and lignins. These can be used as cattle feed and base material for biogas production, alcohol production and for protein extraction. Leaves are good source of lignocellulose. The central core of a matured plant (also called the pith, it is a stem in true sense) can be used as food and color absorber [57]. Because of its richness in different nutraceuticals, banana plant juice has potential uses in pharmaceutical industries.




      The general chemical composition of different morphological parts of banana plant (Dwarf Cavendish) is reported [58]. Elemental analysis of ashes reveals the presence of potassium, calcium and silicon salts as major components. Analysis is important because inorganic elements have a negative effect on the Kraft pulping [59-61], chemicals and energy recovery [62, 63]. Inorganic elements have also bearing on paper quality and yield [64]. Their high content in banana plant deserves a special attention, especially when applied to pulping. This aspect may be considered a serious disadvantage in the use of banana plant as a raw material for pulp and paper production.




      All morphological parts of banana plant contain considerable amount of ashes (12-27%) [58], which are considerably high when compared with corresponding data of other fast growing plants. The high ash content in floral stalk or rachis (about 27%) is noteworthy. Also equally noteworthy the high potassium contents of floral stalk, leaf sheaths and rachis. High potassium content of leaf sheaths or pseudo-stem bears significance as because it is the major morphological part of a banana plant.


    




    

      8. IMPORTANCE OF POTASSIUM FOR PLANTS




      Potassium electrolyte is an essential nutrient for the overall growth and proper reproduction of plants [65]. This essential nutrient is typically received by plants from soil in the form of potassium chloride. In fertilizer industry and commerce, it is marketed under the trade name of Muriate of Potash (MOP) which is essentially potassium chloride [66]. Potassium is essential for stimulating the growth of strong stems and to help the plant to develop disease resistance. It helps plants in regulating fluid balance, nerve signals and muscle contractions. It has vital role in the production of plant proteins and sugars. It also protects plants against draught by maintaining plants water content. Maintaining water content in plants is essential to help photosynthesis, to improve color, flavor and shelf-life of fruits and vegetables.




      

        8.1. Natural Sources of Potassium




        Potassium is abundantly found in nature including fresh fruits and vegetables. Almost all plants are rich in potassium, and among them banana plant is noteworthy [17, 67, 68]. Plants acquire potassium from soil as a nutrient for their growth. In agriculture, crops are provided potassium in the form of manures during cultivation. MOP is an important component of crop manures, and it provides potassium to plants as an electrolyte. It is a chemical fertilizer which mainly consists of potassium chloride. MOP or potassium chloride is mined from its ores.


      




      

        



        8.2. Ores Rich in Potassium Chloride




        Potassium chloride rich rock deposits (potash ores) are found in many regions of the earth’s crust. These are the minerals derived from the ancient seas which dried up hundreds of thousands of years ago. These deposits are the sources of potash being mined today. The deposits are predominantly potassium chloride (KCl) along with sodium chloride (NaCl) as the minor component. As the time passed, these deposits were buried by thousands of feet of earth [69]. Potassium is the seventh most abundant element on the earth’s crust but can’t found in the elemental form. In the form of various compounds it constitutes 2.6% of the earth's crust. Corresponding abundance of sodium is approximately 1.8% [70]. In seawater, potassium is far less abundant (0.39 g/L) as compared to sodium (10.8 g/L) [71, 72].




        Potassium minerals are mined and processed primarily to produce potassium chloride. In fertilizer industries, potassium chloride is often branded as potash, muriate of potash, or simply MOP. Potash for fertilizer is produced by processing potassium chloride rich rock deposits requiring only physical grading and separation of other minerals. Some of the potassium ores abundantly used for the production of MOP are sylvinite (KCl with NaCl), silvite (KCl), carnallite (KCl.Mg.Cl2.6H2O), kainite (MgSO4.KCl.3H2O), langbeinite (MgSO4.K2SO4) and polyhalite (K2SO4.MgSO4.CaSO4) [73, 74].


      




      

        



        8.3. Global Potash (Potassium Chloride) Production




        Although huge volumes of potash ore reserves are currently available, these are confined only to a few countries of the world. Major potash producing countries are Canada, Belarus, Russia and China (Table 3). Global potash production in 2018 was estimated at 68.1 million tones of which 33% is produced by Canada alone. Naturally Canada is the world's largest potash producer as of now. Canada, Belarus, Russia and China together account for nearly 80% of the world's total potash production [75, 76]. Potash is also produced by Germany, Israel, United States, Jordan, and a few more countries [77, 78]. In Carlsbad, New Mexico, potash is extensively produced from sylvinite, a sodium chloride - potassium chloride mineral. Apart from rock deposits, potash is also recovered along with other compounds from the brine of Searles Lake in California and from the lake brines in Utah, USA. World’s largest potash producing countries and their estimated reserves are shown in Table 3.




        

          Table 3 Country wise production of potash (potassium chloride) 2018 and total reserves.




          

            

              

                	Producer


                Ranking



                	Country



                	Tonnes (in Thousands)



                	Percentage of Total Production



                	Reserves in Potassium Oxide Equivalent


                (Million Tonnes)
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